Introduction:
Hand hygiene is a core element of patient safety for the prevention of health care -associated infections.Alcohol based hand rub has become a gold standard of care for hand hygiene practice in health care settings.The observed compliance rates among health care worker (HWC) have been regarded by public health authorities as unacceptably poor. In a recently published systematic review of 96 studies, unadjusted compliance rates were 30-40 % in intensive care units, and never pass 60% in other setting. Interestingly the compliance rate was lower among physician (32%) than nurses (48%) and before (21%) rather than after (47%) patient contact 7 . In this context, measuring health care worker hand hygiene has become a challenge. Several methods for monitoring hand hygiene were proposed; among them direct observational survey of "My five moments" that becomes the gold standard recommended by the WHO 10 . However, direct observational surveys have several limitations. They are time consuming, costly, they do not allow a continuous monitoring and they provide information about a very low percentage of all hand hygiene opportunities. Moreover, direct observation of HCWs may affect their behavior. When compared with product usage and electronic counting devices some authors consider that direct observation should not be considered anymore as gold standard 9 .Product consumption, because requiring fewer resources than observational survey, is one of the most used method to evaluate hand hygiene but studyresults are discrepant on the correlation between product consumption and observed compliance rates, the use of electronic counting devices being more relevant 4 . New technologies are currently developed to monitor hand hygiene (See AR Marraet al. in this section). Electronic monitoring systems such as dedicated hand hygiene monitoring system, real time locating system and video monitoring of hand hygiene 4 appear promising. More accurate than the first two methods they allow real time and continuous follow-up of hand hygiene opportunities 11, 12 . However, most devices do not allow distinguishing whom from staff members or visitors enter or exit the patients' room and if which of the "five moments" to consider 11 .Although new technologies allow completing a set for hand hygiene improvement, the information allowing understanding the non-adherence to hand washing is scarce. The lack of compliance to hand hygiene is likely multifaceted and is expected to be due to different factors such as HCW behavior, bedroom design and alcohol dispenser location, patient comorbidity and workload, day and week period… that merit being studied. In this paper we evaluate in a pilot phase, the accuracy of a new patented radio frequency identification/location based device coupled with an alcohol dispenser sensor(Medihandtrace® )and compared with video recording of hand hygiene practice in 2 equipped rooms of an infectious disease ward and present the capacity of the device.
Material and Methods
This study was conducted from November 2012 to April 2013 in 2 equipped rooms of a 17 bedinfectious disease wardin France.Material:The system is based on the "iCode RFID 15693" tags technology (ex NXP) that uses the frequency band of 13.56 MHz.Each room was equipped with foursoil antennas that were used to read tags inserted in the HCW's shoes (Figure 1 and 2) . One antenna is located before the room door under the alcohol dispenser 3 , the second antenna is located at the door entrance, the third within the room under another alcohol dispenser , the last antenna is located around the bed and define a secure zone (zone in which alcohol disinfection should have been done before entering). A sensor was placed on both alcohol dispenser and measure the use of hydro-alcoholic solution inside and outside the room by indicating the number of spray and the volume distributed. One reader that coordinates the antennas reads the HCW's shoes-inserted tags and the dispenser sensors and transfers the information to the main server by Ethernet connection.The intelligence of the system lies in the server, which manages, interprets, and provides results in real time. Contact delay between the tag and the antenna can be adjusted allowing variation in sensitivity and specificity. In the first stage 0 and 1, they were set up at 5s and then reduced to 4s and finally 3s. It is important to notice that only one antenna is active at a given point in time, although the extremely short time of reading makes those antennas alternate almost simultaneously.At stage 0 and 1 only one antenna was installed near the bed (the side in front of the door) and at stage 2 the antenna was extended by adding a second antenna coupling with the first one in order to detect HCW presence in both sides of the bed ( figure 1 ).For the study, rooms were equipped with video camera connected via Ethernet on the main server. Video camera was oriented in a way that only HCWs were recorded.Data collected from antennas and tags, video camera and alcohol dispenser sensors were send to the main server. To implicate HCW in this project, real-time data were givenback on a dedicated screen in the nurse office indicating by personnel category the hand washing compliance (Figure 3) . Ethics: Data were capture anonymously as required by the
National Commission for Data protection (CNIL). A fact sheet was given to the participant informing
HCWs about the project, the functioning of the system as well as about the presence of a video camera in the room recording the HCW activities during the test phase. The HCW are also informed about the fact that the video camera will be removed out the room once the well-functioning of the device will be validated. In order to validate the participation a HCW, he/she had to sign a consent letter that will be filed as a proof. All HCW (19) agreed in participating in the project.Methods:The three events to be detected within the HCW path are: the entrance-exit to the patients' room; the use of the hydro-alcoholic solution (inside-outside the room); and the contact with de patient within a risk zone defined as the area around the patient's bed. These events define 7 steps to be recorded by the system in the following order: 1) hands disinfection before entrance in the room, 2) entrance into the room, 3) hands disinfection before either being in the risk zone (around the bed) or in contact with the patient, 4) being in the risk zone or in contact with the patient for a given time, 5) hands disinfection before leaving the room, 6) leaving the room, and 7) hands disinfection after leaving the room ( Figure 1) . A complete path is the one where the 7 steps were performed by the HCW and identified by the system. According to risk assessment for microbe transmission and in order to give a comprehensive feedback to HCWs,paths were noted 100 points (pts), 75pts, 50pts, and 0pts to define a perfect protective path (no risk of contamination for patient, HCW and door handle is 100pts) to one unacceptable one (risk of patient contamination is 0pt) (Figure 4 
Results
The main results of stage 0 showed that the system recorded correctly 93.5% of the path (n= 290):
the remaining 6.5% (n=20) were discrepant results mostly explained by presence of urine drainage bag on the antenna near the patient's bed or misplacement of the bed inducing a misplacement of the HCW onto the bed-surrounding antenna. Moreover, the antenna detecting the use of the hydroalcoholic solution was too close to the wall (10cm) and HCW were not detected when they were placed more than 10 cm away the dispenser. The identified problems were fixed before processing to the next stage. Among the 152 videos read in stage 1, 56.6% (86 paths) were usable for analysis ( highlighted that bad records are principally due either to obstacles on the antennas or the misplacing of the bed. It is important to notice that the presence of more than one HCW (detectable for the system) in the room did not disturb the system. The main problems emerging from stage 1 were principally the missing antenna on the left side of the bed and the long contact delay(5 seconds) needed to detect an HCW when it is near the bed (in the area considered as being in contact with the patient). These problems were fixed before processing to the stage2 ; one antenna (missing in the stage 1) was installed in the other side; to avoid misplacement of the bed, the good place was marked on the floor;finally the contact delay for the bed surrounding antenna wasfirst reduce to 4 seconds and then to 3 seconds. In the first Part A of Stage 2, we analyzed106 new videos (Table 1) .For
Step 3 and 5accuracy, sensitivity and specificity were equal to 100%(see Table 1 to Part B of stage 2 we reduced the detection time of the antenna near to the bed to 3 seconds. This impacted only the step 4.We analyzed102new videos (paths). As for previous stage, no error was committed by the RFID system for steps 3 and 5: accuracy, sensitivity and specificity were maintained to 100%(see Table 1 
Discussion
To our knowledge it is the first study that use video recording as gold standard. This has the advantage of avoiding observer biais as HCW rapidly forgot that they are video recorded. In case of discrepant interpretation, video recording also allow to reread some sequences to reach consensus.
But video recording need human interpretation which is costly. In our study we concentrated onto step 3,4 and 5 . These step are the most important as they represent moment 1,2 and 3, 4 of my five moment 10 .
Step 4 was the most critical in term of adjustment. 
